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Abstract 
CLINICAL AND RADIOGRAPHC EVALUATION OF MTA PULPOTOMIES:  A 
RETROSPECTIVE STUDY 
 
By Claudia Colorado, DDS 
A thesis submitted in partial fulfillment of the requirements for the degree of Master of Science 
in Dentistry at Virginia Commonwealth University. 
 
Virginia Commonwealth University, 2014. 
Director: Karan J. Replogle, DDS, MS 
Program Director, Department of Endodontics 
 
 Vital pulp therapy is the group of procedures indicated to maintain pulp vitality allowing 
for continued root development and apical closure in the presence of pulp exposure due to caries 
or trauma. Complete maturation results in stronger tooth structure that is more able to withstand 
occlusal forces. Historically, calcium hydroxide (Ca(OH)2) was the material of choice for a vital 
pulpotomy. Recently mineral trioxide aggregate (MTA) has been used as a pulp sealing material 
because of its biocompatibility and its ability to induce hard tissue barrier formation.  
The purpose of this retrospective study was to evaluate the clinical and radiographic 
outcome of vital pulp therapy procedures performed with MTA. 
All patients receiving MTA pulpotomies and MTA pulp caps at Virginia Commonwealth 
University School of Dentistry Graduate Endodontic Practice between November 30, 2009 and 
August 15, 2013 were recalled and evaluated for presence or absence of clinical symptoms, pulp 
 vitality, radiographic evaluation of continued root development, dentin bridge formation or pulp 
canal obliteration. Results were analyzed descriptively.  
At time of treatment caries was found to be the most common etiologic factor. Fifty-seven 
percent of cases were symptomatic at time of treatment (43% asymptomatic). Forty-seven 
percent of the teeth presented with immature apices (53% with radiographically closed apices). 
Overall recall rate was 50%. At recall all teeth were clinically asymptomatic. Forty seven percent 
of teeth tested normally to cold (33% were non-responsive to cold) at recall. Pulp canal 
obliteration was seen in 6 cases, 4 molars and 2 anterior teeth. 
In conclusion, MTA pulpotomy and MTA direct pulp caps are a predictable treatment 
modality for young vital permanent teeth affected by caries or trauma. 
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Introduction 
 
Dental caries and trauma are the most common challenges affecting the integrity of any 
developing tooth. Most dental trauma occurs in the 7-12 year-old age group (1). During this 
period the permanent dentition is in the developing stage. According to Bastone and McNamara 
trauma occurs most commonly in the anterior region of the mouth and affects the maxillary teeth 
more often than the mandibular teeth (2). The second most common cause of injury to a young 
permanent tooth is dental caries, an infection of enamel and/or dentin of microbial origin. If left 
untreated, caries can cause pulpal inflammation and with further progression, pulpal necrosis 
(3,4).  
Traumatic injuries and caries, when effecting the developing teeth, can arrest the normal 
development of the root, which in turn reduces the physical strength of the tooth potentially 
effecting the long-term survival of the tooth. Therefore, the primary goal of treatment should be 
maintaining the pulp vitality to promote full development of the root and apical closure.  
Vital pulp therapy is the group of procedures mainly performed on vital permanent teeth 
affected by caries or trauma to maintain normal pulp health. It can be performed on both young 
permanent immature teeth as well as teeth with closed apices. Vital pulp therapy includes pulp 
capping (direct or indirect) and pulpotomy (partial or full). 
Choice of treatment depends on the stage of development of the tooth, extent of coronal 
tooth structure lost due to caries or trauma, the time between trauma and treatment, concomitant 
periodontal injury, and restorative treatment plan. Every effort must be made to keep the tooth 
vital, at least until the apex and cervical root have completed their development. Two basic 
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treatment aspects of any vital pulp therapy include removal of diseased or contaminated tissue 
and placement of a tight coronal seal to prevent any further bacterial contamination (6). 
Indirect pulp capping consists of an application of a protective dressing on the remaining 
thin layer of dentin over a nearly exposed pulp in order to allow pulp to recover and maintain its 
normal vitality and function. The goal of indirect pulp capping is to preserve the remaining 
primary odontoblast at the pulp dentin junction, which in turn will promote the formation of 
reactionary and reparative dentin (35). Calcium Hydroxide in the form of Dycal and Mineral 
Trioxide Aggregate (MTA) has each been used as an indirect pulp capping material.  In a recent 
randomized clinical trial, MTA was compared with calcium hydroxide (Ca(OH)2) as a protective 
dressing in indirect pulp procedures. After 6 months, authors noticed that there was no 
significant difference in an average dentin bridge thickness (36). 
Direct pulp capping is a procedure where a medicated protective dressing is placed 
directly over the exposed pulp tissue. Primary odontoblasts are destroyed at the site of pulp 
exposure and inflammation is initiated. Reparative dentin is produced by the differentiation of 
mesenchymal stem cells from the uninfected pulp tissue. Al-Hiyasat et al, followed the outcomes 
of direct pulp capping procedure completed after mechanical as well as carious exposure on 204 
vital permanent teeth. The overall success of the direct pulp procedure was 59.3%. The success 
of direct pulp capping after mechanical pulp exposure was 92%, significantly better than 33% 
with carious pulp exposure. The author also noticed that when a permanent restoration was 
placed immediately after the direct pulp capping the success rate was significantly better 
compared to placement of temporary restoration (37). 
Barthel et al performed a similar study where direct pulp capping was performed after 
mechanical as well as carious pulp exposure and teeth were followed for up to 10 years. Results 
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showed that 45% of teeth failed after 5 years and almost 80% of teeth failed after 10 years 
requiring root canal treatment procedure. The most influential predicting factor for success was 
immediate placement of permanent restoration after direct pulp capping (47). It is evident that 
the achievement of a bacterial tight seal is an important factor to maintaining pulp vitality. 
Pulpotomy is the form of vital pulp therapy that consists of surgical amputation of 
damaged and inflamed coronal pulp tissue. Depending upon the level of removal of tissues from 
the pulp it may be either a partial or full pulpotomy. Partial pulpotomy implies the removal of 
coronal pulp tissue to the level of healthy pulp. It is also called a “Cvek Pulpotomy”. Cvek 
introduced this procedure in 1978. It is indicated in the treatment of a complicated crown fracture 
where trauma has occurred within 48 hours of treatment and pulpal inflammation has not reached 
beyond 2-3 mm.  
Full pulpotomy is a form of vital pulp therapy in which all of the coronal pulp tissue is 
removed surgically and the remaining radicular dental pulp is covered with a suitable protective 
material that protects the pulp from further injury and promotes healing (36). It is most 
commonly preformed in immature molars. 
Cvek introduced the procedure of ‘partial pulpotomy’ to maintain the pulp vitality after 
the complicated crown fracture (9). He performed a study on monkey teeth investigating the 
depth of inflammation after the pulps of the teeth were exposed to the oral environment after 
crown fracture and cavity preparation. He noticed that mean depth of pulpal inflammation in 
fractured teeth after 48 hours was 1.8 mm while in cavity prepared teeth was 3.3 mm (10). He 
and his colleagues noticed that when 2-3 mm of pulp tissue was removed using a partial 
pulpotomy procedure on crown fractured teeth, pulp vitality was maintained and root 
development continued. They concluded that the success of pulpotomy procedures was 96% (9).   
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Mejare and colleagues investigated the effect of pulpotomy procedures on teeth with deep 
carious lesions. In their study, they treated the exposed and caries involved pulp with a 
pulpotomy procedure and followed the teeth for up to 140 months. The success rate for 
pulpotomy procedures in this study was 93% (11). Caliskan et al completed pulpotomy 
procedures on 24 teeth with hyperplastic pulp. Teeth were observed for a few years. Out of 24 
teeth, 22 teeth had a successful result  (91.7 % success rate) (12).  
Aguilar and his colleagues published a systemic review on studies with partial and full 
pulpotomy and concluded that the success of partial and full pulpotomy procedure is greater than 
97%. From all the above-mentioned studies it can be concluded that pulpotomy is a very 
successful and predictable procedure to maintain the pulp integrity and health of periapical 
tissue.  
In summary, in the experimental studies the success rate of pulp capping procedures has 
been low when compared to pulpotomies (7, 8).   The success rate of partial pulpotomies was as 
low as 59.3% (Al-Hiyasat) with failure after 5 years at 45% and failure after 10 years at 80% 
(Barthel).  Success rates of full pulpotomies was 91.7%, 93% and 96%, respectively. (Caliskan, 
Mejare, Cvek).  
The ideal pulp capping material would be one that is antimicrobial, maintains vitality, 
reduces sensitivity, promotes biologic activity and therefore dentinal health, encourages re-
mineralization, facilitates establishment of an adequate coronal seal and is easy to use. Ca(OH)2 
has been the material of choice as the pulp dressing material for both direct pulp caps and 
pulpotomies for many years.   Recently MTA has replaced Ca(OH)2 due to its ability to form an 
apatite like layer on its surface when it comes in contact with physiologic fluids in vivo or with 
stimulated body fluids in vitro (63), its biocompatibility and its lack of cytotoxicity. 
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Ca(OH)2 is a white, crystalline powder that dissociates into calcium and hydroxyl ions 
when mixed with water. Hermann introduced it in endodontics in 1920. Ca(OH)2 has multiple 
uses in endodontics. It is most commonly used today in multiple appointment cleaning and 
shaping procedures as an intracanal medicament because of its antimicrobial property (13, 14). It 
is also used as a pulp canal dressing during pulp capping and pulpotomy procedures. It is one of 
the oldest and most widely used medicaments for the pulp dressing because of its mechanism of 
action that results in the formation of the dentin bridge subsequent to microscopic or gross pulpal 
exposures. To cause the dentin bridge formation and mineralization it must come in direct 
contact with tissue (15,16). When Ca(OH)2 is applied over the exposed pulp it creates pulpal 
irritation and forms a coagulation necrotic zone adjacent to the material due to its high pH (pH-
11). This alkaline environment is needed for bone and dentin formation. The degree of pulpal 
inflammation depends on the preparation of Ca(OH)2 used. Aqueous solution of Ca(OH)2 
creates much wider zone of necrosis compared to hard setting Ca(OH)2. According to Meadow, 
pure Ca(OH)2 can cause necrosis of up to 1.5mm of adjacent pulp tissue (17). When aqueous 
solution is applied over exposed pulp tissue, it causes superficial pulpal necrosis followed by 
tissue with low-grade pulpal inflammation. This low-grade inflammation is of outmost 
importance in dentin bridge formation (18). 
Exact mechanism is still not known for how Ca(OH)2 forms a dentin bridge. Several 
theories exist. High pH (pH of 11) creates a favorable environment for the activation of alkaline 
phosphatase, which helps in formation, and mineralization of a dentin bridge (19). Ca(OH)2 has 
three major detractors that suggest it is not the material of choice for pulp capping procedures.   
The dentin bridge that is formed is porous allowing for the ingress of bacteria through the 
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imperfections in the dentin bridge. Ca(OH)2 fails to adhere to the underlying dentin. It also fails 
to provide a tight bacteria seal (39). 
Most recently Torabinejad introduced MTA in endodontics in 1993 as a root end filling 
material. MTA is a fine hydrophilic particle made up of tricalcium silicate, tricalcium aluminate, 
silicate oxide and tricalcium oxide (22). Hydration of the powder results in a colloidal gel 
composed of calcium oxide crystals in an amorphous structure: 33% calcium, 49% phosphate, 
6% silica, 3% chloride and 2% carbon.  
MTA has attracted attention since its introduction to the field of endodontics. It has many 
advantages compared to other conventional endodontic materials; e.g. its excellent sealing 
ability, biocompatibility, dentin bridge formation in cases of pulp capping and pulpotomy, in 
addition to inducing proliferation of the pulpal cells. 
MTA is currently marketed in two forms, grey (GMTA) and white (WMTA). MTA is 
based on Portland cement; both gray and white Portland cements are manufactured from similar 
raw materials except that a fluxing agent is used for production of the white version to remove 
the ferrite phase during the clinkering process. According to the manufacturer, the principal 
components of the gray-colored formula are tricalcium silicate, bismuth oxide, dicalcium silicate, 
tricalcium aluminate, tetracalcium aluminoferrite, and calcium sulfate dehydrate, and the white 
colored formula lacks the tetracalcium aluminoferrite (48). MTA is mixed with water at 3:1 
powder: liquid ratio. According to Torabinejad, it can take up to 3 hours for MTA to set. The 
compressive strength of MTA is significantly less compared to IRM and amalgam within 24 
hours but after 72 hours, no significant difference was noted (22). The pH of MTA is 10.2 after 
mixing which rises to 12.5 after 3 hours (22). 
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Several investigators have studied the leakage and bacterial penetration effect on MTA 
comparing it to super ethoxy-benzoic acid (SEBA) and amalgam. These studies concluded that 
MTA is much more resistant to bacteria and fluid leakage compared to amalgam and SEBA 
(23,24,25). Using several cytotoxic cell cultures, many researchers have concluded that MTA is 
one of the least cytotoxic dental materials (26,27).  
MTA due to its non-cytotoxicity, biocompatibility and its ability to form cementum 
attachment has not only been used as a root end filling material but also has been used as a pulp 
capping agent, in pulpotomy and apexification procedures and as a perforation repair material.  
  MTA is a bioactive molecule that when comes in contact with fluids forms an apatite like 
layer on its surface. Investigators have showed that it can conduct and induct hard tissue 
formation (28). Studies have showed that when MTA is placed on exposed pulp tissue it causes 
proliferation, differentiation and migration of odontoblast like cells, which produce a collagen 
matrix. The collagen matrix is then mineralized and produces osteodentin initially and few weeks 
to month’s later tertiary dentinal bridge formation. The mechanism of action of MTA is very 
similar to that of Ca(OH)2 (29, 30).  
Many drawbacks of MTA have been documented. It includes discoloration potential of 
grey MTA, difficult handling characteristics, long setting time, high material cost and difficulty 
in removal after it is set. There are however, no documented pulpal irritation or zones of pulpal 
necrosis as with Ca(OH)2, porosity of a dentin bridge formed or inability to provide a bacterial 
seal.   
Several studies have been performed comparing MTA to Ca(OH)2 as a pulp capping 
agent in direct pulp capping and pulpotomy procedures. Pittford et al compared MTA and 
Ca(OH)2 as a pulp capping agent on monkey teeth. Their results showed that the majority of the 
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pulps capped with MTA were free of inflammation and showed consistent calcific bridge 
formation by 5 months. Pulps capped with Ca(OH)2 showed inflammation and significantly less 
calcific bridge formation (31). In a histological study, De Souza Costa et al compared grey MTA 
and Ca(OH)2 as a pulpotomy agent in dog’s teeth. They noticed that Ca(OH)2 capped teeth 
demonstrated a greater loss of pulp tissue compared to MTA. They attributed this result to higher 
initial pH of Ca(OH)2 and better sealing ability of MTA (32).  
Several researchers have studied the histology of dentin bridge formation. Recently, Nair 
et al evaluated the histological, ultra-structural and quantitative effect on human dental pulp of 
Ca(OH)2 and MTA when used as a pulp capping material. He studied the dentin bridge under 
Scanning Electron Microscopy (SEM.) Nair noticed that dentin bridges created by hard setting 
Ca(OH)2 were inconsistent and had many tunnel defects. Further, there was presence of chronic 
inflammatory cells even after the three months of observational period (20). According to Cox et 
al about 50% of pulp tissue becomes necrotic due to the bacterial leakage through tunnel 
formation (21). 
In human studies, several case reports and case series have well documented the 
superiority of MTA. El-Meligy et al compared Ca(OH)2 to MTA as a pulpotomy material in 
immature teeth that were indicated for apexogenesis procedure as a result of extensive decay or 
trauma. The patients were followed for up to 12 months. The author noticed significantly more 
success with MTA then Ca(OH)2 (33). Witherspoon reported a case series where 25 immature 
teeth were treated with MTA pulpotomy and teeth were recalled for an average of 19.7 months. 
Nineteen teeth were recalled and only one tooth failed making the success of MTA pulpotomy 
95% (34). These studies conclude that MTA is a material of choice and can replace Ca(OH)2 for 
a better outcome of pulpotomy procedures. 
  9 
The purpose of this retrospective study was to evaluate the clinical and radiographic 
outcome of MTA pulpotomy and MTA pulp caps as a treatment option in young permanent teeth 
with dental trauma or carious exposure at the Virginia Commonwealth University School of 
Dentistry. 
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Materials and Methods 
 
The study was approved by the Internal Review Board of the Virginia Commonwealth 
University (approval #HM15531). The study was funded by the Department of Endodontics at 
Virginia Commonwealth University (VCU) and the American Association of Endodontics. The 
study was conducted on the digital records of patients who were referred and treated at the 
Graduate Endodontic Practice at Virginia Commonwealth University, Richmond VA, between 
November 30, 2009 and August 15, 2013.  
Treatment was completed on maxillary and mandibular permanent teeth with dental 
trauma or deep carious lesions that resulted in pulp exposure. Endodontic graduate residents 
rendered treatment on all the teeth included in the study. The ages of the patients ranged between 
7-18 years. None of the subjects had any medical contraindication to the treatment rendered. 
Inclusion criteria for selected teeth were as follows: 
1) Young permanent teeth treated with Mineral Trioxide Aggregate (MTA) pulpotomies. 
2) Only cases completed by endodontic graduate residents. 
Exclusion criteria were as follows: 
1) Young permanent teeth treated with MTA with diagnosis of Pulp necrosis 
2) Young permanent teeth that were treated with MTA for revascularization procedures 
3) Presence of periapical radiolucency at the time of diagnosis 
4) Presence of sinus tract at initial visit 
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Preoperative clinical notes were reviewed multiple times.  All the preoperative treatment 
notes were in digital format. Data collected was: 
1) Etiology of the pulpal exposure, 
2) Symptoms prior to the treatment, 
3) Sex of the patient, 
4) Age of the patient,  
5) Tooth number, 
6) Vitality tests of cold and electric pulp testing (EPT), and 
7) Periapical diagnosis tests of palpation and percussion. 
All the preoperative and postoperative radiographs were in digital format. The 
preoperative and postoperative radiographs with optimal exposure showing complete tooth as 
well as more than 2 mm of periapical area were selected. Radiographs were assessed by one 
board certified endodontist as well as a graduate endodontic resident for root maturity and 
periradicular status. Examiners were calibrated and blinded before the study.  
When assessing radiographs for inclusion or when assessing at recall, the presence or 
absence of radiolucency was recorded. If there was a radiolucency, then size of the lesion was 
measured in millimeters. Apical root closure was also recorded.  If open, the size of the opening 
was measured and recorded in millimeters. 
Operative treatment notes were reviewed.  The following steps were consistent in the 
treatment of all the teeth included in the study. All the teeth were anesthetized using either nerve 
blocks or local infiltration depending on the tooth. Rubber dam was used during the entire 
procedure. If the etiology was caries then it was removed completely before entering the pulp. 
Once the pulp was exposed, either 5.25% sodium hypochlorite or saline were used as an irrigant 
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solution.  MTA was used on all the teeth included in the study. Teeth were either restored with 
temporary or permanent restoration. If teeth were restored with temporary restoration during the 
first appointment then patients were recalled for second appointment for placement of permanent 
restoration. Patients were placed on recall schedule of 6 month, 1 year and thereafter, once every 
year for 3 years. 
The following information from treatment notes on the recall appointments were 
recorded:   
1) Follow-up period,  
2) Symptoms from the treated tooth,  
3) Vitality test results,  
4) Radiographic evaluation, and 
5) The presence or absence of final restoration.  
The success of treatment was assessed by clinical and radiographic evaluation. The 
criteria for successful treatment was as follows:  
1) Absence of any symptoms,  
2) Absence of signs of pulpal or periradicular inflammation such as lingering response to 
cold, tenderness to palpation or percussion,  
3) Absence of radiographic periapical pathosis,  
4) Continued development of immature root,  
5) Pulp canal obliteration (narrowing of root canal due to tertiary dentin formation), and 
6) Presence of dentin-bridge.  
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Results 
In this section of results, the participants in the study are described, including characteristics at 
the time of treatment. Then, for those patients who return for their recall appointment, their 
follow-up outcomes are described. 
Table 1 summarizes the patient demographic and clinical characteristics of this study 
population.  An equal number of females and males were treated.  The average age of patients 
were 10.2 years (SD = 2.3, range = 7 to 15). There were a higher percentage of mandibular 
molars treated (16) than maxillary molars (4) and maxillary incisors (8) with 53% of teeth treated 
being mandibular molars. Direct MTA pulp caps (MPC) were 17% of the treated teeth while 
MTA pulpotomies were 83%.  Most patients presenting for treatment were referred from private 
practice to the Graduate Endodontic Practice (60%) while the remainder were referred from the 
Pediatric Graduate Practice at VCU (40%). 
 
Table 1: Study Population Patients (N = 30) 
 
Characteristic N Percent 
Sex   
F 15 50% 
M 15 50% 
Tooth Type   
Mandibular Molar 16 53% 
Maxillary Molar 4 13% 
Mandibular Premolar 1 3% 
Maxillary Premolar 1 3% 
Maxillary Incisor 8 27% 
Type of treatment   
MP 25 83% 
MPC 5 17% 
Referral   
PEDO 12 40% 
PP 18 60% 
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Clinically, 57% were asymptomatic at the time of treatment, and were seeking treatment 
only because a referring dentist had referred them for treatment (Table 2).  In the present study, 
caries was the major cause of pulpal inflammation (73%).  Trauma cases made up only (27%) of 
the cases.   Of the 30 teeth, 47% percent had an open apex or incomplete root formation.  None 
presented with periapical radiolucency. 
 
Table 2: Subjective and Objective Information 
 
Characteristic N Percent 
Symptomatic or asymptomatic  
A 17 57% 
S 13 43% 
Open Apex   
N 16 53% 
Y 14 47% 
Radiolucency   
N 30 100% 
Etiology   
C 22 73% 
T 8 27% 
 
All teeth were tested for percussion, palpation and sensitivity to cold.  All were positive 
to cold with the exception of three.  The digital record was incomplete for these three with no 
pulp testing data recorded as being performed by the resident. Only three teeth were positive to 
percussion at the time of treatment (Table 3). In summary, 73% of the teeth were vital to cold 
testing and 88% were normal to percussion at time of treatment. 
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Table 3: Diagnostic Testing Results 
 
Characteristic N Percent 
Percussion   
N 22 88% 
P 3 12% 
Cold   
N 3 27% 
P 27 73% 
 
Pulpal diagnosis was recorded according to the notes in the chart at the time of treatment 
with the following diagnosis categories: Asymptomatic Irreversible Pulpitis (AIP), Reversible 
Pulpitis (RP), and Symptomatic Irreversible Pulpitis (SIP). A separate periradicular diagnosis 
was recorded. These were Asymptomatic Apical Periodontitis (AAP), Symptomatic Apical 
Periodontitis (SAP) or Normal Apical tissue (Table 4).  Symptomatic Irreversible Pulpitis made 
up 43% of the diagnoses, while Asymptomatic Irreversible Pulpitis made up 47%.  Only 10% of 
the cases had a diagnosis of Reversible Pulpitis.  Normal apical tissue diagnosis occurred in 83% 
of the cases.  Symptomatic apical periodontitis was diagnosed in 10% of the cases.  Two cases 
were recorded as Asymptomatic Apical Periodontitis. 
Table 4: Pulpal and Periapical Diagnoses 
 
Characteristic N Percent 
 
Pulpal Diagnosis 
  
AIP 14 47% 
RP 3 10% 
SIP 13 43% 
 
Periapical Diagnosis 
  
AAP 2 7% 
SAP 3 10% 
Normal 25 83% 
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The most common type of restoration was a temporary glass ionomer (Triage) 43% followed by 
composite restoration 33% (Table 5). Half of the patients were schedule for permanent 
restoration in a second appointment. 
 
Table 5: Type of Restoration 
 
Restoration N Percent 
A 2 7% 
C 10 33% 
GI 1 3% 
GI/A 2 7% 
IRM 2 7% 
T 13 43% 
 
Outcomes at Recall 
Of the 30 patients included only 15 had documented recall information for a recall rate of 
50%.  On average, 15 patients returned for their recall appointment after 543 days, (SD = 594, 
range = 88 to 1919).  All patients were instructed to return to the Endodontic Graduate Practice 
for recall, yet only three returned to this practice.  Of the 15, eight were seen in the VCU 
Pediatric Practice for regular dental treatment and had recalls done as a part of their follow-up 
care.  Of the eight, three were seen in the VCU Pediatric Practice for regular treatment and had 
further dental treatment but no designated recall.   The other five came back for one follow-up 
appointment. The last four were recalled in private practice by their general dentist.  
Table 6: Location of The Recall 
 
Location of recall Number Percent 
Grad. Pedo 8 53% 
Private practice 4 27% 
Grad. Endo 3 20% 
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All of the 15 patients were asymptomatic and teeth were functional. Twelve were vital 
pulpotomies and three were direct pulp caps.  Cold testing was recorded.   Five were negative to 
cold test and seven were cold positive or had a delayed response to cold.   Three had missing 
data with no cold testing recorded in the chart. Percussion sensitivity was also recorded with only 
one case being sensitive to percussion. None had mobility.  
According to radiographic evaluation none presented with apical radiolucency. Nine of 
the 15 that returned for recall had had an open apex at the time of treatment.   Six presented with 
closed apex at the time of recall and three continued root development but had not achieved full 
apical closure. From the six that had closed apex at the time of treatment no radiolucency or 
disruption of lamina dura was present. Two anterior teeth presented with a dentinal bridge.   Four 
molars presented with pulp canal obliteration. Two anterior teeth presented with discoloration. 
Of the 15 teeth, twelve presented at recall with a closed apex.  In the nine that presented 
with an open apex at the time of treatment, six had apical closure at recall.   
 
Table 7: Apical Status at Recall 
 
Apical Status at Recall Number 
Closed /Open 12/3 
Closed at Treatment/Closed at Recall 6/6 
Open at Treatment/Closed at Recall 9/6 
 
Seven of 15 teeth had responded to cold at time of treatment and retained ability to 
respond to cold at recall. Five of the 15 had responded to cold at time of treatment and did not 
have a cold response at recall. Three were missing data. 
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Table 8: Cold Test at Recall 
 
Cold Pretreatment/Recall 
Responded, No Response 5 
Normal, Normal 7 
Unknown 3 
 
Pulp canal obliteration was seen in six of the 15 recalled cases.  Four of the teeth were 
molars and two were anterior.   
 
Table 9: Pulp Canal Obliteration Results 
 
Canal obliteration Number 
Yes 6 
Yes, molar 4 
Yes, anterior 2 
No 9 
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Figure 1  
Picture A           Picture B 
 
(A) Seven years old patient at the time of treatment presented with complicated crown fracture of 
central left incisor, wide canal and open apex. (B) Radiograph post treatment, with MTA 
radiopaque material over pulp chamber, restored with temporary material. 
 
Figure 2 
Picture A                                     Picture B                                      Picture C 
 
(A) Immediate post-treatment with MTA placement.  (B) 1 year recall with dentinal bridge 
visible. (C) 3 year recall with thicker dentinal bridge formation and full root development with 
apical closure. The tooth was not responsive to cold testing and was negative to percussion.  
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Figure 3 
Picture A          Picture B 
   
(A) 12 years old female patient with extensive caries teeth #19 (normal response to cold) and 
#18, diagnosed with SIP/Normal apical tissue, with open apex, (B) was treated with MTA 
pulpotomy and placed in a temporary restoration and referred to restorative dentist for final 
restoration 
 
Figure 4. 
Picture A 
 
Photo courtesy of Dr. Hatch, restorative dentist.   Tooth #18 restored with amalgam, 3 years 
recall non-responsive to cold. Radiograph shows complete root formation with normal apical 
tissue. 
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Figure 5 
Picture A                                                     Picture B 
  
 
Patient was 8 years old at the time of treatment. Preoperative radiograph shows extensive carious 
lesion with large chamber and open apex and normal apical tissue. Post-operative radiograph 
shows tooth restored with amalgam restoration and full pulpotomy with MTA material.  
 
Figure 6  
Picture A         Picture B 
  
(A&B) 4 years recall radiograph showing tooth restored with SSC full coverage restoration, 
amalgam build up and full pulpotomy with MTA material. Complete root development with 
apical closure and canal obliteration, lamina dura continuous.  Tooth had delayed response to 
cold. 
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Discussion 
 
Mandibular molars were the most common teeth requiring vital pulp therapy followed by 
maxillary incisors.  Caries was the most common etiology followed by trauma.  This is 
consistent with the presentation of the disease of caries in the young dentition. The onset of 
caries takes place soon after the eruption of molars into the oral cavity (64). In spite of the 
remarkable decline in caries observed since the 1970s in different countries and populations, the 
occlusal surfaces of permanent first molars, followed by the second molars remains the sites in 
the dentition that most frequently is attacked by dental caries (65). These surfaces have been 
regarded as susceptible to dental caries as a result of their incomplete post eruptive maturation, 
their reduced mineral content in the enamel and presence of narrow and deep fissures on the 
occlusal surfaces that harbor bacteria and initiate the caries process.   This explains the  early 
onset and high prevalence of caries on occlusal surfaces of young permanent molars (66). 
The second most often treated tooth was the maxillary anterior.   The etiology of the 
procedure was trauma. Most dental trauma occurs in the 7-12 year-old age group (1). During this 
period the permanent dentition is in the developing stage. According to Bastone and McNamara 
trauma occurs most commonly in the anterior region of the mouth and affects the maxillary teeth 
more often than the mandibular teeth (2). The age of patients in this study with a history of 
trauma was consistent with this 7-12 year old age group.   
There may exist a difference in the success rates of vital pulp therapy depending upon the 
etiology.  There was insufficient data in this study (4 anterior and 11 posterior teeth) to measure 
a statistical difference in success rate of MTA pulpotomy or MTA pulp cap on teeth treated 
either because of caries or trauma.   
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The most common pulpal diagnosis was irreversible pulpitis, either asymptomatic or 
symptomatic. Diagnosis of asymptomatic irreversible pulpitis was made when caries was 
clinically into the pulp but patient did not have any symptoms of irreversible pulpitis. Most 
common periapical diagnosis was normal periapical tissue, one of the most important inclusion 
criteria for the study. Only three teeth had the periapical diagnosis of symptomatic apical 
periodontitis, because of presence of tenderness on percussion. 
Several authors have published data on teeth with irreversible pulpitis because of caries 
or trauma. Eghbal and his colleagues performed pulpotomy on symptomatic irreversible pulpitis 
teeth because of caries. Teeth were then extracted and examined histologically a few weeks after 
MTA pulpotomy. The author noticed that a dentin bridge had formed in all the teeth and that the 
pulp was free of inflammation (45). Barrieshi-Nussair and his colleagues also reported similar 
results. They performed partial pulpotomy on 31 permanent molars with cariously exposed 
pulps. Teeth were followed for up to 2 years. None of the teeth showed any signs of clinical or 
radiographic failure (53). In the study herein, 47% of the teeth had caries into the pulp and were 
diagnosed with asymptomatic irreversible pulpitis and presented asymptomatic at recall with no 
sign of clinical or radiographic failure. This compares with the Eghbal and Barrieshi-Nussair 
studies in the ability of MTA pulpotomies to achieve favorable results in teeth with symptomatic 
or asymptomatic irreversible pulpitis.   
Witherspoon treated 23 cases with MTA pulpotomies. His study involved teeth with 
carious exposure or trauma and a preoperative diagnosis of irreversible pulpitis. Nineteen teeth 
were available for recall at which time15 teeth were healed and 3 teeth were healing (39). In the 
study herein, at the time of recall 100% of teeth were asymptomatic irrespective of the presenting 
diagnosis. 
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In the present study three kinds of hard tissue formation was noticed on the recall 
examinations. These were:  1) Increase in the root length and width with conical root formation, 
2) Calcific bridge formation near MTA barrier and 3) Pulp canal obliteration.  One tooth did not 
show any of the above findings with the apex remaining blunted but without any periapical 
pathosis. Bogen studied the effect of MTA as a pulp capping agent on 49 immature permanent 
teeth for up to 9 yrs. He found that 97% of teeth had a favorable outcome with clinical and 
radiographic success. He also noticed three kinds of hard tissue formation similar to the study 
herein(52).  Barrieshi-Nusair et al in a case series of 31 teeth used MTA in partial pulpotomy. He 
also observed calcific bridge formation in the majority of the teeth (53). The results herein were 
consistent with these previous studies. 
It was also noticed during recall examination that around half of the teeth included in this 
study still had only some kind of temporary restoration rather than the desired permanent 
restoration. Due to MTA’s longer setting time, its placement was completed in two 
appointments. In the first appointment, a wet cotton pellet was placed coronal to MTA to aid in 
the final setting. Patients were recalled for a second appointment for the placement of a 
permanent restoration. It can be assumed that either the patient was not properly informed 
regarding the follow-up appointment or patient/parent failed to understood that treatment was 
incomplete and that a permanent restoration was needed.  
The role of a coronal seal has been well documented in the success of vital pulp therapy 
as well as non-surgical root canal treatment (NSRCT). Ray and Trope published at study 
examining the success of NSRCT in the presence or absence of a coronal seal. The authors 
documented that a tooth restored with a appropriate coronal restoration with adequate obturation 
of the root canal system had a significantly better prognosis compared to the combination of poor 
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coronal restoration and adequate obturation (46).  Barthel and colleagues performed direct pulp 
capping using Ca(OH)2 on 123  teeth. Teeth were followed for up to 10 years. They observed 
that placement of a definitive coronal restoration within the first two days of vital pulp therapy 
played a significant role in the success of the treatment (47). In our study, all teeth had received 
either temporary or permanent restoration on the first appointment after the pulpotomy or pulp 
cap.   Fifty percent of the teeth still had temporary restoration present and the remaining 50% had 
some form of permanent restoration, either amalgam, composite or glass ionomer.  
Most of the patients had difficulty returning to the second appointment, either because of 
lack of transportation or inability of the parent or caregiver to bring patient for the treatment. It 
was noted that every effort was made by a resident to recall the patient for placement of  the 
permanent restoration. 
A major drawback of this study was the low recall rate. This recall rate may be attributed 
to the type of patient seeking treated at an academic institution. The majority of patients were of 
low economic status with treatment provided via their State of Virginia Medicaid benefits.  
There may have been a low understanding of the importance of the dental treatment, the need for 
recall, and the need for a permanent restoration. Obstacles may have been present such as lack of 
transportation, lack of an adult available to bring child to appointment during the day, that 
resulted in the low compliance rate.  Every effort was made to recall the patient either using 
telecommunication or email. Many patients had either moved from their previous residence with 
no forwarding address and/or the telephone was disconnected.  
Recall time in this study ranged from 6 months to 36 months. Parirokh et al examined the 
effect of MTA as a pulp capping agent and noticed calcific bridge formation as early as 2 weeks 
(48). Tziafas also completed a similar study using MTA as a pulp capping agent and noticed 
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formation of calcific bridge beginning at two weeks (49). Pittford also examined the effect of 
MTA as a pulp capping material and noticed calcific bridge formation in 5 months. (50). 
Dominguez and Witherspoon compared MTA to Ca(OH)2 as pulpotomy agents and examined 
their effect histologically on pulpal inflammation. They noted that pulpal inflammation was 
reduced significantly within 50 days of application of MTA and there was no difference in the 
degree of inflammation at 150 days, the end of their study (51). From the above studies, it can be 
argued that a minimum recall time of 6 months should be sufficient to determine the effect of 
MTA on hard tissue formation. 
Outcome assessment proved problematic due to lack of patient compliance with recall. 
When patients did return for dental care at or around the date of the scheduled recall, it was often 
not to the Graduate Endodontic Practice but to their Pediatric dental provider who failed to 
conduct an assessment of the tooth or take a periapical radiograph. Three out of the 15 patients 
came back for evaluation. Eight of the 15 were seen in the VCU Pediatric Resident Practice. 
Three of the eight were seen in VCU Pediatric Resident Practice for regular treatment, not for a 
designated recall appointment for the tooth. Recall information, however, could be obtained 
anecdotally from the chart record.   Five of the eight seen in VCU Pediatric Resident Practice 
came back for one follow-up appointment only. Their general dentist recalled four patients in 
private practice. Endodontist, parents and pediatric dental providers must be educated as to the 
need for outcome assessment.   
Recently, several other materials have been introduced to the marketplace and are gaining 
popularity because of the shortcomings of MTA. Biodentin (Septodont, Saint Maur des Fosses, 
France) is a new calcium silicate based restorative material with dentin like properties that has 
multiple applications.  It has been advocated for use in vital pulp therapy as well as pulp 
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regenerations procedures. It consists of a powder and a liquid. The powder contains tricalcium 
and dicalcium silicate as well as calcium carbonate.  The liquid contains calcium chloride and an 
accelerator for setting. It has been reported to stimulate odontoblasts to form reparative and 
tertiary dentin when used as a pulp capping or pulpotomy agent (59, 60). Nowicka et al 
compared MTA to Biodentin as a pulp-capping agent. Twenty-eight caries free human 
permanent maxillary and mandibular premolars were used in the study. Pulp capping was 
performed using either MTA or Biodentin. The majority of the specimens showed dentin bridge 
formation without pulpal inflammation. There was no significant difference in the effect between 
MTA and Biodentin (61). 
 Another material, which is gaining popularity, is iRoot Bioceramic paste (iRoot BP- 
Injectable Root Bioaggregate Paste, Innovative BioCeramix, Inc., Vancouver, BC, Canada). It is 
a premixed paste mainly consisting of nanosphere particles of tricalcium and dicalcium silicate,  
calcium carbonate, etc. Azimi and colleagues performed a randomized clinical trial comparing 
iRoot BP to MTA as a pulpotomy agent. Twenty-four teeth were used in the study and 
pulpotomy was completed using MTA or iRoot BP. Histological evaluation showed dentin 
bridge formation on all the teeth in both groups without pulpal inflammation. There was no 
significant difference between MTA and iRoot BP (62). One of the biggest advantages of this 
material compared to MTA is that it is premixed so consistency remains the same and it is easy 
to place. There have been no reports of tooth discoloration after using this material.  
Vital pulp therapy using MTA is a very predictable treatment with a proper case 
selection. In the study herein, a favorable outcome was achieved in all but one of the treated 
teeth.  While no continued development of the root was seen the patient remained asymptomatic.  
  28 
Several shortcomings were noted on this study.   These were: 1) Low number of subjects, 
2) Low recall rate, 3) Lack of procedure standardization because of multiple operators, and 4) 
Inability to recall patients for recall appointments and for placement of a permanent restoration.  
Many questions remained unanswered. Is there a connection between patient’s age and 
success of the pulpotomy treatment? Is pulpotomy a reliable treatment option for patients with 
symptomatic irreversible pulpitis? Is there a difference in success rate with pulpotomy performed 
on teeth with caries compared to teeth with trauma? Is there an effect of coronal restoration on 
the success of pulpotomy? Can we achieve better success with other newer materials like 
Biodentin or Biocermaic compared to MTA? Future studies should be conducted to answer the 
above questions.  
A long-term prospective study with a larger number of subjects is suggested.  This would 
allow for the control of variables to shed light on the yet unanswered questions.  Parents of the 
subjects could be properly educated about the treatment and the study so that a better recall rate 
could be achieved. In addition, future studies may be attempted to compare MTA to Biodentin 
and Bioceramic materials. 
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Appendix A 
 
 
Treatment Evaluation Form 
Clinical and Radiographic Evaluation of MTA Vital Pulp Procedures Data Form 
 
Subject Number:__________________________________________________________ 
 
Objective Demographic Information 
Date of TX  
DOB  
Sex  
Tooth number  
Type of Treatment  
Referral  
  
 
Subjective information: 
o Symptomatic 
o Asymptomatic 
Objective Information: 
 Yes No 
Open Apex   
Radiolucency   
Vitality   
Width of open apex   
 
Diagnosis 
Normal  RP  AIP  SIP  PN  
Normal  SAP  AAP  AAA  CAA  
 
Treatment: 
Appointment 1st 2nd 3rd 4th 5th 
Calcium Hydroxide      
Triple Paste      
MTA      
 
Restoration: 
Type   Time  
Temporary GI/IRM/Triage  Immediately  
Permanent Composite/Amalgam  3-6 months  
Full coverage SS/Strip crown  6m to 1 year  
   Never  
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Recall Evaluation Form 
Clinical and Radiographic Evaluation of MTA Vital Pulp Procedures Recall Data Form 
 
 
Subject Number:  
 
Recall time: 
 
Subjective Information: 
 
o Symptomatic 
o Asymptomatic 
 
Comments:_______________________________________________________ 
 
Objective Information 
 
Test Yes No N/A 
Cold    
EPT    
Percussion    
 
 
 
 
 
 
 
 
 
Radiographs Yes No 
Lesion resolved   
Root development    
Apical closure   
Size apical opening   
Conical/Blunt   
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Pa
tie
nt
'D
at
a'
Co
lle
ct
io
n'
!Case!!No.
!DOB
sex
!Tooth!!No.
Type!of!treatment
Referral
Symptomatic!or!asymptomatic
Open!Apex
Radiolucency
Width!of!open!apex
Etiology
Cold
EPT
Percussion
Palpation
Pulpal!Diagnosis
Periapical!Diagnosis
Treatment!date
Finish!date
Number!of!appointments
Calcium!Hidroxide
Triple!or!Double!Paste
MTA
Colla!plug
Irrigation
Anesthesia
Restoration
Immediately
1
7/
18
/9
8
M
12
MP
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S
Y
N
2.
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C
P
N
N
SI
P
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